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two arms of a Wheatstone bridge, in a uniform tempera- 
ture bath. 

WILLIAM ALLINGH.4M. 

William Allingham, for man yeam principal assistant 
in the marine branch of the &eteorological office, died 
suddenly January 24, 1919, at the age of 69. His early 
life was spent at sea, but, owing to a disabling accident, 
he ohtained in the early seventies a post in the Admiralty, 
then in 1875 he was transferred to the staff of the Mebeoro- 
logical Office. In addition to a practical knowledge of 
navigation and meteorology, Allingham was gifted with 
considerable literar ability. His chief works were the 
compilation of a d n u a l  of Marine Meteorology, and in 
con junction with Capt. Wilson-Barker, a treatise on 
Navigation, Practical and Theoretical.- From Symom’s 
Met1 Mag., Ftb. 1913, p .  4. 

CAPTAIN MELVILLE WILLIS CAMPBELL HEPWORTH. 

Apr. 27, IslB-Feb. 25, 1919. 

The death of Ca t. M. W. 0. Hepworth, following so 
soon after that of &. Allingham, is a serious loss to the 
Marine Division of the Meteorological Office, of which he 
had been Superintendent since 1899. The Monthly 
Meteorological Charts of the North Atlantic and Mediter- 
ranean, as well as of the East Indian seas, were initiated 
during his tenure of ORCC, and the later editions of the 
Barometer Manual for the Use of Seamen and the Sea- 
man’s Handbook of Meteorolo y were coni iled under his 

Hepworth was muc.h interested in marine biolog and in 
the t,em erature and salinity of the sea. For t x e mnnv 
years wlile a t  sea he made a study of meteorology which 
prepared him for his official osition.-Fmtn Il’aturu 
(London) Afar. 6, 1919, p .  8 a?$ Symon.!?s Met’Z Mag., 
1919, pp .  13-1.& 

direction and attained a sarge circu r ation. Capt. 

BELATION BETWEEN VEGETATIVE AND BBOSTLESS PEBIODS. 
By JOSEPH BUETON KXNCEB, Meteorologist. 

[Dated: DIvlslon ol Agricultural Meteorology, Weether Bureau, Washlogton, D. C., Jan. 13,1919.1 

The two most im ortant climatic elements with refer- 

Of these, temperature is the more effective in establishing 
t,he geographic areas within which certain plants thrive 
best on the one hand, or even fail to mature on the other, 
and it also determines the period of the year during which 
growth is possible. 
In any study of plant growth as aflected by tempera- 

hire, there me two important phenomena that ma he 

which reckonings must be made; these are the regetatire 
temperature and frost. The first defines the potent,ial 
period of plant growth, which is determined b the date 

and thus produces growth, and the date in fall when i t  
falls below this point and growth ceases. The frostless 
period is determined b;v the dates of tshe last killing frost 
in spring and the first in autumn. It is the object of this 
paper to stud briefly the relation of these two basic 
poriods, and t i eir vnriations in length in different sec- 
tions of the United States. 

The average growing season as determilied by frost 
occurrence is understood to be the number of days 
between the average date of last killing frost in spring 
and the first in autumn, but some p1nnt.s are mwe sus- 
ceptible to frost dama e than others a.nd consequently 

same locality for different plants. “his is also true for 
the vegetative period as determined by the amount of 
heat necessary to produce plant rowth, coilsidered 

long been known, however, that for most plants in tem- 
pernt,e climates, the revetadive or active period begins in 
spring, as a general rure, when the mean daily tempera- 
ture rises to 6’ C. (42.8’ F.), and ends in autumn when i t  
falls below that value. These limits have been adopted 
for the purpose of this study of the relation of the vegeta- 
t.ive to the frostless period. 

Chart I shows the average dates in sprin when the 
mean da.ily temperature rises to 43’ and c% art 11 the 
dates in autumn when it falls below t.hat value. The 
vegetative period, represented by the average number of 
days when the mean daily temperature is 43’ or higher, 

elice to plant growt R are temperature and precipitation. 

coilsidered as constituting critical or ba.sic points 9 rom 

in s ring when t,he tem erature rises sufficient .y y high to 
ren l! er active t,he protop P asmic content of vegetable cells, 

tohe growing sea.son as t f us defined varies in length in the 

independently of the occurrence of ki s ling frost. It has 

is shown for dzerent sections of the country by Cha.rt, 
111. This eriod is not the same, of course, for each yew, 

or any other period determined by the average dat.es on 
which phenomena occur. From the Rocky Mounta.ins 
westward the charts are highly generalized, owing to t.he 
great variation in the topographic features of that sect,ion 
of t,he country. 

Chart I shows that the advent of the vegetative period 
in an average year ranges from the first of February in 
the northern portion of the Gulf S t a h  t.0 May 1 in 
extreme up er Michigan and northeiii New England. 

the avera e, in the extreme northern districts about the 
middle ofOctober, but it continues till the end of the 
year in the South. Chart I11 shows that the length of 
t,he eriod ranges from less than 180 days in the extreme 
norti and in the central and northern portions of the 
Rock Mountain region, to 365 days in the south Atlantic 

Pacific coast sections. (The latest frost charts are those 
appearing in the frost section of the Atlas of American 
Agriculture, recentl published.’ See also “The Probable 
Growing Season, ” William Gardner Reed, MONTHLY 
WEATHER REVIEW, {ept., 1916, 44, 509-512.) 

The normal daily march of tmi erature is closely 

tive period. For example: If we assume that most ve e- 
tation is awakened from the dormant state when t i e  s 
daily mean temperature rises to 43’, it is evident that 
prior to the date on which this occ.urs, the ten1 erature 
during the warnier portion of the clay woulcl !e s u a -  
cientlv high to produce growt,li ancl oonsequen tly, it  
would appear, that some growth uctuaUy begins before 
the mean teni erature rises to the vegetative point (on 

half of the day is higher than the daify mean). This, 
however, is true only in n limited degree, as will be 
evidenced by a careful consideration of the amplitude of 
the daily extremes of temperature. This amplitude 
varies with the moisture content of the air and its attend- 
ing phenomena, with the latitude, and also with the sea- 

hut varies P mm year to year, as does the frostless seasoti 

Chart 11 in B icates that this period comes to an end, 011 

and B ulf districts, and also in the central and southern 

allied with the annual march in esta K lishing the vegeta- 

the average, t i! e temperature during ap roximately one- 
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sons, being considerably reat.er in the warmer portion of 
the year than during t. E e colder months. During the 
transition season, that is the time of passin from bhe 
nonvegetative period to the vegetative periof in spring, 
and vice versa in fall, the amplit-ude of the daily tempern- 
t.ure march is quite uniform in most sections of t,he 
country, averging. about twenty degrees F. It will t.hus 
be seen that untd the mean daily temperature rises t,n 
-l.7', t,he da.ilv niiiiinia, IW a rule, fall below the f r e w  
irig point, which precludes m y  appreciablc pcrmanrn t 
growth. The fact that the mean niinimuni temperature 
rises above the frost line (33') coincidently wit,h t.he riw 
to 48' in the mean temperature probably has a more 
direct bearilia on the significance of the lat,ter as the 
vegetative vdue than has the fact that the tcniperatm'c 
stays above 43' on the average for half the binie during 
the day. 

Owing to the fact that normal mean daily t,sniperut,urc 
values are available for only a limited nuniber of stations, 
and do not appear in the periodical public.ations of tho 
Weather Bureau, botanists frequently determine the 
h i t s  of the vegetative period l y  considering all niontlis 
with a mean temperature of 49' or higher a.s growing 
months and those with temperatures 1 ~ ~ 1 0 ~  that value a.s 
iionvege ta tive months.2 

This assumes, of COUISP, t,lint when the mean monthly 

w-ith a mean monthly tem erature of 45', the mean daily 

"Pd. 
In coniputing the average vegetative period from 

monthly teni eratures, it is preferable to estimate the 
actual dates B y means of a simple diagram n.s sliowo in 
figure 1. This chart may be used for that purpose b? 
indicating thereon for any station the mean niontuy 
temperature for each of the two months for which the 
values are nearest the wgetative point (43O FJ, when a 
stmight line drawn from one point to the other will 
intersect the vegetative temperature line (43') at t.he 
ap roximete date on which the temperature rises to that 

montlily temperature should be considered as tohe value 
a t  tlie middle of the month or a t  the point where the 
vertical dash line intersects the proper horizont-a1 teniper- 
ature line. Example: The mean nionthly temperature 
a t  Columbus, Ohio, for March is 39" and for April, 5 1 O .  
By drawing a straight line between the oint where the 
39' temperature line and the dotted Tine for March 
intersect, to the point where the 51' line and the middle 
of April coincide, it crosses the vegetative temperature 

temperature falls below t R e vegetative point about the 

. v ap ue in spring or f t i b  below it in fall. The mean 

-- 
SSee Zon Meteorological Observations In connection wltli btanlrtll geography, 

agriculture, 'and,forestry, MONTHLY WEATHER REVIEW, April, 1911, 42217-223. 

line (43') at a poiiit indicating a1y~roxinist.ely March 25, 
which represents the beginning of the vwet>at.ive 
at  Columl>us. The chart may he used apso for t, e fall 
months by reading from right to left as indicat.ed by the 
arrangement of months at! t.he bottom of the chart. 

As t.he theoret,ical period of plnnt growth est.ends from 
the dat.e on which the mefiii llriilg temperfitme in it.s 
annual march rises to Go, to t.he c1at.e on which it hlls  
below that vnlue, it  is of int,erest t.0 study the relatioil 
in lengt,h between this period and that, usnally tlesignntetl 
as the orowing season, or the period between the spriiig 
and fa17 frost dates. As the avern e frostless period iri 

vegetative eriod, as is shouii by t.he acconipanyiiig 

by the occurrence of frost, atyeast in so fnr as vegetntioli 
that is susce tible to frost damn e or destruction is 
concerned. &wept in portions of L e  Florida Peiiinsul:: 

Keriod 

most of the country is considerab ? y shorter thnn tlir 

charts, it  fo P lows that the veaet.ntive period is short.enet1 

Fin. 1.- -DiWram lor determining vcgetsLive ivmpmture nntl h s l  dslths front nlcm 
monthly temperalum. 

and in some favored locdities ill C!uliforiii:i., frost occurs 
during each winter. The leiigt,li of the period during 
which it may be ex 1ect.ed varies with the lat,it,utle and 

frost occurs t i t  irregular int.ervnls until tlie aniiu:il 
spring rise in teiiipern.ture reaches a certain value, when 
i t  cewies on the avert1 e until npprosiniately that viilue 

These mean daily temperature d u e s  which coincide with 
the cessation of frosts in spring nnd their resuni t,ion in 
fall are remarkably uniforni, not oaly under &Yerent 
topographic conditions, but also over lnrgc geographic 
areas. Away from marine influence, they are mostly 
from 9' to 13' above the vegetative teniperat,ure values, 
as before defined. 

altitude, es ecially t ll e forinw, in most sections enst of 
the Hocky P fountains. After the first, killing frost in fall, 

is agrtiii reached in t 7 ie fall recession of t.eniperature. 
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Fro. Z.--AnnwI marell of lempemture and average dales 01 the l e 1  killing IrosL in spring and +e first In autumn, for successive bells 01 3' laliludu in wid1 h ,  from 29" to !Y'. 
between the Rocky Mountalns on the west end the Lake region and A palachian MouI!tains on the east, bawd on the records of all regular \Yeather 13Ilnwi sl3tliins 
within thls arm, 68 In number. The belts 31% delineated to tho nearest d o l e  degree 01 Islitude. Tempniture -. Frost IhtW 0 .  

C!hart I V  indicates the nornid mean daily temperature 
on the average date of the last. killing frost in spring for 
all of the re ular Weather Bureau st,ations in the United 
States. I ts  ows that in niost of the country the avera e 
frost-free date in spring corresponds to a mean dai y 
temperature of from 52' to 5 6 O ,  except aloii the cent,ral 
nnd north Pacific Coast,, the region of the Ereat Lakes, 
and along the middle and north Atlantic seaboard, 
where the temperatures are lower. C!hart V shows 
similar data for fall frosts which are in close agreement 
with those of the spring chart. It ujll be noticed, 
however, that in limited areas the first fall frost occurs, 
on the average, while the mean daily teniperature is a 
degree or two higher than is necessary to cause a cessa- 
tion in spring frosts in an avera e year. Considering 

mean daily temperature on the average date of t,he lsst 
killing frost in s ring is 52.1°, and on the tivera-ge dat2 

fdl  averages are t i s  follows: 

P 5 

the records for all stations tbroug B out the country t.he 

of the first in fa P 1 i t  is 52.6'. Ry areas, t,he spring and 

__ - .- . . . . .  . . . . . .  ._ . . .  

i Spring. j F ~ I I .  
-. . - ..... . . . .  --i 

j OF I " p  

hcIsy&v*y. ................................................ i a  53.5 

Nmth Atlantic States ............................................ .I 4M. U 50.6 
South Atlantic States.. .......................................... .! 53. J I 53.8 
QuUS taka ....................................................... I 55.7 66.0 
Ohlo Valley and Tenncwe. ..................................... .: 53.2 I 53.1 
Lake Region. ...................................................... li ti I 48.9 

...................................................... I 1.21 55.2 

It is interesting to note the similarity of these temper- 
titures over large areas, even estending from the nort,hern 
to the southern boundaries of the country. On Chart IV, 
for example, there is shown a wide belt estending from 
t.he Gulf of Mesic0 northwest.ward throu h the Plains 
Stutes to the Canadian j~oundary in whic f frost ceases 

I - . .. - . . .  . ._ ..... -. . . . . . . . .  .... .- .. - ...... 

in spring, as a rule, when the tempertitiire in its ruinual 
march rises to 54' or 55' F. Tlie wiiibers i~rc  long imtl 
severe in the nort,lierii port.ion of this belt, rtnd the soil 
usually freezes to great depths, but in the est.renie 
south very little winter is in evidence ant1 the. vegetative 
period extends throughout tlie year. ~ot~vithst , i~ii l l i i i~ 
these great differences in winter condit,ions, when the nor- 
mal mean daily temperature in spring rises to 5 5 O ,  frost. 
ceases, on the avera e, in the est.renie north LLS yell :is 
in the south; the fifference in t,he liverage time of 
occurrence of the last killing frost in spring along t l i r  
cent.ra1 Gulf const and in northern N0rt.h Da1kot.a is 
nearly 4 months. Attention is also invited to the 
comparatively low temperature viilues appearing along 
the cent,rd and northern Paclfic coast, the Ilrtke region, 
and t,he nort,li Atlantic coikst, where the wnter influence 
is felt in warding off' frost. There is 11 similar nren slio\vn 
to t.he leeward of the cell t,ral and soutlieni Appdnchiiiii 
Mountains in Virginia and North Carolina wherc frost. 
ceases on the average with a lower mean temperat.rire 
in spiing and does not occur with IN high t~1np~iI . t t l rp~ 
in fall 11s in t.lie surrounding regions. 

Owin to the fact that, these temperut.ures correspond- 

to determine very closely the ai-erttgc frost dates from 
the mean daily teniperat.ures. In t,lie case of c.oopernt,ive 
and other stations for which daily valurs are not avail- 
able the dates can be closely it )proximated froni the 

ties the avera e frost teni eratme ~-alues. The met.hocl 

ning and ending of the vegetative period, esce I t  that tlie 

niust be subst.it,uted for t.he vegot.atke temperature (43" 1. 
Example: Chart IV slicw-s t.hat the average spring frost. 

ing to t i e  B average frost ilat.es are YO uniforin, it is possible 

mean montN ten1 eratures IJY t i e  I 
Charts I V  an d R  17, t e charts showing for different locilli- 

to be used is t fl e same as c f  escribetl for finding the begin- 

frost teniperature values shown on C'hsrts 'r . V and 1' 

use of figurr 1 and 
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t,eniperat.itre in t.he vicinity of Ithsca., N. Y.,. is 5'2'. 
Ithaca has a mean mont,hly t*empera.ture for A p d  of 44*, 
and for Ma?- 57". X st,might line dra.wn from t.he proper 
points on the chnrb int.rrsects t-he frost, t.emperature line 
for tha.t localit:\- ($?O) a.t y,prosiniat.dy May R, which 
irir1i~vit.m the avercage tlnt,e of last. killing frost in spring 
111. t h t ,  point.. Fall frost. dates may Iw found in the same 
ni~inticr hy rea.tlirig t.lic c.hart from right t.o left., as inrli- 
rntecl jwevioudy. By this method frost! d a h  can be 
deteriiiint?d froin coopera t,ive or other stations that, niqy 
11a r e  tcniperttture but not reliable frost rec.ords. In 
ndtlition, owing to the smaller variations in thc nicnti 
iiiont8hly temperature trhnn in the actual frost ekes froin 

FIG 1 -Average riod of the vear with mean daily tempemlum 43' or above an4 
the'&eragr lrostf& period ( f r b  the average date of the 1st killinq frost in.sprinq 
to tho first. in autumn) lor the slunolatltudlnal bells used and axplamed in Flg. 2. 

ycar to year, the average frost, dates fnr short recortl 
st ations can often be dctmiuned more accurately froin 
the mean teniperaturc than from the frost records thcm- 
selws: that is, the average date that would he obt.ained 
if longer rwords were a=railalde. For example, thc 

Frc. .#.-Xrlaliori fJf mean daily tciuyerat.ure 1.0 the ucciirreiicc of killing frost. 

a.verage: tla.t,e of t,he first killing frost in fall at. Washitigton, 
I). C., hnserl on a 45-year record, I X i 4  to 1918, is (.kt,o- 
ber 2"'. eriods and 

temperature m e t h a  described. bhe result. in iio (me 
diffem from the -&year niea.11 by more than four ttays, 
idiile the actual averages computed froni the recorded 
frost dates for the respective periods vary from October 16 
t,o November 2. Again, if on1 t.he &year record froni 
1914 to 1918 were available for bashin ton, the recorded 

date as March 39, hut the niean temperature for this 
period gives an intliontion of April 7 a.s the average. datp, 

If we divide this into nine 5-year 
determine the averwe frost, date for each of t R eso 1)s- t.he 

dates of last killing frost in spring woul 5 give the average 

\t.hen deterininrtl as inrlic.nted. The 45-year arerage is 
April 8. 

A picture of the relation of frost occurrence to mean 
beniperatures is afforded by figure 4. This gra h shows 
that, broadly speaking. the following gener8 law is 
applicaIde, the t,cmpera ture vdues cliff wing only sligh tIy 
for different localities and for the spring and fd seasons. 
Killing frost oc?curs ea.ch 7ea.r in spring until the norrnn.1 
mean daily tenipernture rises to a.pproximntely 43O (the 
vogetatire \-alnc). After this tem era ture is reached, frost. 

t,han half t,he years uritil the average temperature reaches 
54", which corresponds in date to the average occurrence 
of the last frost in spring. Thereafter killing frost may 
he exupect.ed with lew fre uency, or in less than half the 
years, mi til t,he niem dai?s tenipemture rises to approxi- 

does not occur in all t,he years, E ut  does occur in more 

I 
f 
i 

I 

FIG. .>.--Variations of lhe Iroslless Iirriod lrnm 1110 vcgelativ~: period lor each ol Ihe 3) 
years from 113% to 1917. inclusive, at selected stations. reprrsenting regions of small. 
moderate and tar variations. The dots reprecent the dates of the 1st killing frost 
In spring h d  the %t in Id1  and the lines mn&cting thactots show the Ienglh of the 
frostless season for t.he respechrc wars. The dates on whirh tha r e  tatibe Imriod is 
rrwhcd in spring and passed In )all are shown hy the vertical daglines. 

riiately 63", after which it is not experienced. This holds 
good also for fall frost. 

Figure 2' shows: the atlnual niarc.li of t,c*mpwature a.nd 
the a.vera e h t e s  of t,he last killing frost in s ,ring and 

lat,itude in width, froni latitude 20° to 49', between the 
Rock Mountains on t.he west and the Lake re ion and 
the A$qmlachian Mountmains on t,he east,,. h s e f  on the 
rrcorc s of 68 regular Weather Bureau stations within this 
area. The curred lines show t.he annual march of tem- 
perature for the respective belts, based on t9he average of 
aU records within each ?dt, which is considered to t.he 
nearest whole degree of Iat,itudo, and the clota indkate the 
average frost dates. A horizontd tlnsh line has beeii 
drawn to show the vegetative tempertlt.ure. value (43"). 
It will be seen that the. frost dots arc disposed horixnntnll~ 

niirl thc P trst in fall for successive belts three a egrees of 



in an orderly arrangement and are considerably higher 
than the vegetat.ioe teniperature line. In figure 3 tlie 
aver we length of tlis potential growth, or vegetative, 
perio? is compared wit1i the average frostless period for 
the same belts that wem user1 in the c.onstruction of 
figure 2. This shows graphicn.lly for tlic! several belts the 
effect of killing frost in shortening the pntent,ial vegetrt- 
tive period in so far as plnnts thcit are susceptible to frost 
damage or destruction are conoerned. 

Charts VI and VI1 :Show, respectively, the average 
number of days by wliich the otential growinu season 
is shortened in spring and in Fall by frost. &art VI 
indicates the average number of days in spring a.fter 
the veget.ative temperature eriod is reached until t.he 

shows the average number of &ys the first killing frost, 
in fall occurs before the metin dail tempera.ture falls 
below the vemetative value. I t  w-ilfbe noted that t h  
spring and fafi charts correspond to a remarkable degrrr. 

Chart VI11 shows the t.otd number of days that thc 
aver e frostless season is shorter than the vegetative 

It indicates that the only locality in which the 
K%ess season is longer than the vegetative period is 
coniprised in a small area along t,he Nort,h Pacific coilst. 
In most of Washington, portions of up er Michigan, find 

seaboard, killing frost short,ens the vegetative period by 
less trhan 20 days: but in much of the centra.1 portion of 
the country the difference in the two eriods ran es from 
40 to 60 days. From Virginia, dn tucky ,  &issouri, 
and Oklahoma southward this difference increases rapidly 
from 60 to more than 100 days in the northern portions 
of t,he Gulf States. Southward from the upper Missis- 

average date of the last kil F ina frost, while Chart VI1 

much of Minnesota, as well as along t 1 e North At,lant.ic 

sippi Valley to southern Arkansas the tliiference increases 
from 20 to I O 0  days, 01’ from less than one to more thm 
3 mont,lis. 

Figure 5 shows for Clevelnncl, Ohio: ’tVic.hitti. I<ans;. : 
and Atlanta, Ga., i*epl-eseiit:ing, yesper:t,ivel-, 1:egions o l  
small, moderat,e? a.nd Iwge variations, the relnt.ion of the 
frostless season to the vegetative period for ca.ch of the 
80 years from 189s t,o 1917. inclusive. The c1ot.s repre- 
sent the dates of the last, Billin frost in spring m t l  t,he 

show t.he lengt8h of tho frostless season for eac.h year. 
The average dates on which the regetat.ive period is 
reached in spring and passed in fall are shown hy t,he 
vert,ical dash lines. 

This graph permits an int,eresting comparison between 
conditions existing in the vicinity of Cleveland rind t.hose 
near Atlanta. In the former locality the average frost, 
(la t,es agree closely with t.he vegetst.ive t,empera.t,ure 
dates, and consequently the potential growing s;enson is 
not mat,erially shortened by tlie occurrence of frost.. Pro- 
tect.ion of truck crops from frost in this locality, t,lierr- 
fore, would he of less value in lengt,hening t.he growing 
season than fart,lier south. In  the vicinit,y of dt.lanta, 
however, t.he vegetative period is much longer than the 
fro5 t.less period, and consequently harc1.y ve-et,nl:ion, 
such tis winter wains a.nd grasses, has tk niuc.  ’ longer 
growing sea,son &an has vegetation susceptible to frost 
daninge. I t  follows that frost prot,ection can be mu+ 
more profitably racticetl in northern Georgia than 111 
northern Ohio. Eout.11 of At.lanta, the mean tidy t.em- 
perat,ures remain ah \ -e  the vegetntive \ d u e  throughout 
the year. which makes a.n even greater contrast between 
t.hc pot,ent.inl vegetat,ire and frost1e.a~ seasons. 

first in fall and the horixont.al F: mes coiinect,ing the clots 

WEATHEE CONTaOL OF THE PERIODICAL CICADA. 
By WILLIN E. HURD. 

[Daled: \Vnlt.her Boreail. Wsshirwton, I). C., Mar. 29. 1919.1 

Mr, Dixon Merritt c.liaract,erizes the periodical cicada, 
more popularly known ns tlie 13-year or the l i - y ~ i r  
locust, as “the most interesting insect in the ~ o r l d . ” ~  
This interest must lie in the fact of its peculiar life his- 
tory, particularly its long period of hibernation a t  n 
depth of 6 to 31 inches, or sometimes more, under tlie 
surface of the ground, and also more or less in its some- 
what thrillin musical habits during t-he few days al- 

Comparatively little (.lata have een collected concern- 
ing the weather control of this insect, but sufficient in- 
formation is at, hand to permit of some generaIi7 ,a. t’ .ions ns 
well as theories on the subject. The 1’7-gear cica.iIa is 
largely an inhabit,ant of the northern Sta.t.es, while i t,s 
13-year relative is quite as esclusively confined t o  thc! 
South. Since these insects are physically iden ticd, 
except in one. or two minute particulars, it wm very 
reasonably suggested that the southern type probably 
emerges from the nymph state four venrs the earlier 
only because of the more favoring climate, since the 
warmer the weather in eneral the more is the’ develop- 

no intermediate zones of clevelo ment raduatin from 
of 

the Gulf States, to another of a 17-year period along the 
Canadian border, and the two brood types do not c.hanae 
the length of their hibernation periods, except for di&t 
individual and local diversions, even in the median 
regions where they overlap. As early as 1881 and 1SS5 

t lowed it in w a ich to dwell amon st the haunts of men. 

ment of the individual ? acilitated. However, there are 

one of a 13-year period along t R %  e sout ern borcers f 

___- - .- . . . . . .- . . . - _. -. . _ _  .. . . _- - _ _ _  - - 
I The ‘-1i-Year h i s t “  in 1919. 1’. 8. Dept. of Agr. C%r. 12;. p.:I. 

Prof. Riley made esperimcnts2 wit,h the two vcwjetios l o  
determine whether each, if tmnsplantetl from t,he outer 
estrenie of i h  own to that of the other’s habitat.. \vouIcl 
cliange its date of emergence to conform to tlitit of the 
other under hhhe wjdtd~ differing r.ljma.tic jnfluenws. 
When the t.inies of emergence arrived, trained nhserrerr-. 
kept wut,ch of the arms where l.he little colonies hati 
been t,ra.nsplnntetl, but unfort~una~t.ely they ob tainetl no 

ositive results upon which t.n base definite conclusions. 
go  far as weather or climatk control of t,he cicada in  
concerned, howel-er, t,he following c0nc.ret.e rules may bc 
licce t.ed : 

d t l i  clirutitic. conciitions iiorrnai], Iwoocir. will nppoiir 
acaortlirig to scheduled time. 

Wit.11 cliniat,ic coiiditioiis nhiiormallj warm or cnltl 
during t.he period of hiberritr t,ioii t,he broods rimy npprar 
ti. few dags mrlicr or h e r  t.han t,he schetliilrcl t,inie. 

T I I  addition, cool wenther int.erveiiiiig while t,he hroods 
tire emerging will cause n de1a.y in the sppenrmce o f  
those not  a,lready 

The southernmost, members of rt brood will sometimes 
a 1pen.r from a few days to three or four weeks in advance 

di t,ions. 
Some int,eresting iiist,ances of Rccelerat,ed emergence 

have h e e l 1  nhservecl. At, Belvitlere, Ill.,4 a11 old applc 
orchard, in which a swarni of cicadas had lived in ISSS, 
was grubhed up a few pears llit.er nird the ground covered 

o 1 ths northernmost., depending upon ternptm ture cnn- 
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